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Recently, phenyl molecules have been reported to exhibit Meissner effect mainly from magneti-
zation measurements. Realizing zero-resistivity state in these materials seems a challenge due to
many practical difficulties but is required to characterize the existence of superconductivity. By
choosing potassium-doped tris(2-methylphenyl)bismuthine as an example, we perform temperature-
dependent magnetic susceptibility and resistivity measurements at different magnetic fields and
pressures. The solid evidence for supporting superconductivity is achieved from the obtained Meiss-
ner effect and zero resistivity with the critical temperature (Tc) of 3.6 K at atmosphere pressure.
Upon compression, we observe the gradual evolution of superconductivity from its initial phase with
a parabolic behavior of Tc to the second one with almost constant value of Tc of 7 K. The 7 K phase
seems a common feature for these newly discovered phenyl-based superconductors.
PACS numbers: 78.30.Jw, 82.35.Lr, 78.30.-j, 74.62.Fj
Exploring superconductivity with high critical temper-
ature (Tc) even above room temperature in organic ma-
terials follows two pioneering works [1, 2]. Superconduc-
tivity at 0.3 K was found in the quasi-one-dimensional
polymer, (SN)x [3]. This served as the first effect to syn-
thesize superconductors by using nonmetallic elements.
The first quasi-one-dimensional organic superconductor
named (TMTSF)2PF6 [4] was found by the application of
pressure. Since then, many organic superconducting fam-
ilies were discovered, including the charge transfer com-
plexes [5], fullerides [6, 7], graphites [8, 9], and polycyclic
aromatic hydrocarbons [10–12]. Although these super-
conductors possess many novel physical properties, their
Tc’s are still bound below 40 K. Recently, p-oligophenyls
are being examined as a new class of superconductors
following a series of works of Wang et al [13–15]. As
the models of polyparaphenylene − one type of conduct-
ing polymers, these materials are chain compounds with
benzene ring as their basic unit and connected by sin-
gle C-C bond in para position. It has long been recog-
nized [16–23] that doping p-oligophenyls and conducting
polymers results in the formation of polarons and bipo-
larons with the latter as the stable sate. Bipolarons have
ever been proposed to account for the electrical trans-
port in conducting polymeric materials [24]. Bipolarons
can be considered as localized spatially non-overlapping
Cooper pairs, analogous to the one in the BCS the-
ory of superconductivity. Since the electron pairing al-
ready takes place and stabilizes at room temperature,
high-temperature superconductivity would be expected
in such systems if long-range phase coherence can be
induced and enhanced through some methods such as
chemical doping of pressure [25]. This may be the key
reason why superconductivity can occur above 120 K in
p-terphenyl [15] and p-quaterphenyl [26]. A supercon-
ducting phase with Tc as high as 107 K was also reported
in K-doped p-terphenyl flake [27]. Superconductivity-like
behaviors above 120 K were observed in p-terphenyl and
p-quaterphenyl as well [28]. An energy gap persisting up
to 120 K was reported in surface K-doped p-terphenyl
crystals from the photoemission spectroscopy [29]. The
similar feature without obvious changes by the applied
magnetic fields [30] indicates high upper critical field.
Meissner effect has been already reported from
the dc magnetic susceptibility (χ) measurements in
this family upon potassium doping including biphenyl
[31], p-terphenyl [13–15], p-quaterphenyl [26], and p-
quinquephenyl [32]. The effect was established [13–
15, 26, 31, 32] from the typical shape of χ in both the
zero-field cooling (ZFC) and field-cooling (FC) runs, the
systematic shift of the ZFC χ downward to low temper-
atures by the applied magnetic field till saturation at a
certain critical field, and the reduction of the magnetiza-
tion with the application of magnetic field up to a certain
critical value together with a typical diamond shape af-
terward. The ac χ also gives a similar shape for its real
part as the ZFC χ curve. The observed peak and the
almost zero signal upon further cooling in the imaginary
part of the ac χ curve [13, 31, 32] indicate the realization
of zero-resistivity in the superconducting state [33, 34].
However, the direct resistance measurements just showed
the downshift of the temperature - resistance curve with
the applied magnetic field and the saturation at a cer-
tain critical field [31]. The zero resistivity as one of the
two fundamental characters of superconductivity has not
been reached yet in this family.
To pin down this issue, here we choose potassium-
doped tris(2-methylphenyl)bismuthine to examine the
possibility of superconductivity from both magnetization
and resistivity measurements. It has three phenyl rings
attaching to a bismuth atom with joint three methyl
groups at the ortho site of each benzene ring, as indi-
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FIG. 1: Evidence for superconductivity in potassium-doped tris(2-methylphenyl)bismuthine at ambient pressure. (a) Structural
formula and atomic arrangement of tris(2-methylphenyl)bismuthine. (b) Temperature dependence of the dc magnetic suscepti-
bility for potassium-doped tris(2-methylphenyl)bismuthine measured in zero-field cooling (ZFC) and field-cooling (FC) runs at
a low magnetic field of 10 Oe. The inset shows the magnetic hysteresis loop with applied field up to 0.3 T at the temperature
of 2 K. (c) Temperature dependence of the resistivity of potassium-doped tris(2-methylphenyl)bismuthine at ambient pressure.
The inset displays the enlarged view of the low temperature resistivity.
cated in Fig. 1(a). This phenyl molecule is a deriva-
tive of triphenylbismuth, which was reported to show su-
perconductivity at 3.5 K and/or 7.2 K upon potassium
doping [35]. We hope to identify superconductivity in
this compound from the observations of the Meissner ef-
fect and zero resistivity. The obtained evidence of the
zero resistivity is expected to provide the foundation for
the existence of superconductivity in alkali metal doped
phenyl-based materials.
Sample synthesis of potassium-doped tris(2-
methylphenyl)bismuthine is the same method as
that of intercalated triphenylbismuth [35]. Due to the
sensitivity of the samples to water and oxygen , all
the experiments were prepared in a glove box with O2
and H2O levels less than 0.1 ppm. The magnetization
measurements were completed in a Magnetic Properties
Measurement System (Quantum Design MPMS3).
The resistivity at ambient pressure and high pressures
were measured in a nonmagnetic diamond anvil cell
(DAC) made of Cu-Be alloy with the help of standard
four-probe method. Two symmetrical anvil culets with
the diameter of 500 µm were fixed in the customized
cell which could give a high pressure environment. The
sample chamber with the diameter of 200 µm was formed
with an insulated gasket. Four Pt wires were fixed on the
upper diamond with the standard four-probe geometry.
Then, four external Cu wires were linked to the four Pt
wires using for the resistivity measurements in Physical
Properties Measurement System (PPMS). The sample
was filled in the sample chamber for several times in
order to overcover the chamber in the glove box. Finally,
the DAC was closed after putting a ruby in the sample
chamber. For the resistivity at ambient pressure, the
samples were pelletized for better contacting with the
electrodes. Pressure was calibrated by using the ruby
fluorescence shift [36] at room temperature.
Figure 1 summarizes our results of the magnetic sus-
ceptibility and resistivity measurements on potassium-
doped tris(2-methylphenyl)bismuthine at ambient pres-
sure. From the temperature dependence of the dc mag-
netic susceptibility (χ) with zero-field cooling (ZFC) and
field cooling (FC) runs at 10 Oe [Fig. 1(b)], one can see
a sudden drop in χ around 3.6 K in both the ZFC and
FC runs. The sudden drop of χ, originating from the
well-defined Meissner effect, manifests the occurrence of
superconductivity in this sample. The Tc is defined as
the temperature where the sharp drop takes place. The
shielding volume fraction extracted from χ at 1.8 K is
only about 6.8%. The inset of Fig. 1(b) shows the mag-
netic hysteresis loop with scanning magnetic field up to
0.3 T at the temperature of 2 K. This clear diamond-like
hysteresis loop again supports the Meissner effect in this
material and also provides electrical transport evidence
for this sample as a typical type-II superconductor.
Figure 1(c) displays electrical transport measurement
of potassium-doped tris(2-methylphenyl)bismuthine at
ambient pressure. It can be seen that the change of
the resistivity with temperature is not regular. There
seemingly exists a hump at around 120 K. Above that,
the resistivity shows non-metallic feature. It changes to
metallic-like behavior at low temperatures. This phe-
nomenon is probably due to the weak linkage inside the
sample or the poor contact between the sample and elec-
trode. However, as temperature is decreased, the resis-
tivity suddenly shows a sharp drop and then gets to zero
at a certain temperature. The zero-resistivity is the char-
acter of superconductivity. This observation serves the
first evidence for supporting the existence of supercon-
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FIG. 2: (a) Temperature dependence of the resistivity of
potassium-doped tris(2-methylphenyl)bismuthine at virious
pressures up to 5.0 GPa. (b) The enlarged view of the low-
temperature resistivities. Tc1 and Tc2 are the critical tem-
peratures for the first and second superconducting phases,
respectively.
ductivity in a phenyl molecule. The temperature, below
which a sudden drop of the resistivity is observed, is just
the critical temperature for this new superconductor. Its
value is exactly the same as that detected from the mag-
netic susceptibility measurements [Fig. 1(b)]. The inset
of Fig. 1(c) shows the enlarged view of the low temper-
ature resistivity. The zero-resistance behavior with Tc ∼
3.6 K can be clearly observed. Thus, potassium-doped
tris(2-methylphenyl)bismuthine is identified to be a new
superconductor from both the Meissner effect and zero-
resistivity state.
It is generally believed [37] that the superconduct-
ing shielding volume fraction would be increased and Tc
would be enhanced when the atoms get closer in the
unit cell. Pressure has been recognized to be an effec-
tive means in inducing superconductivity for highly com-
pressible molecular materials [4, 7, 38]. We examined this
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FIG. 3: (a) Temperature-dependent resistivity at various
magnetic fields from 0.0 to 1.3 Tesla at pressure of 0.5
GPa. (b) Upper critical field (Hc2) as a function of tem-
perature. The color area represents the calculated Hc2 from
the Werthamer-helfand-Hohenberg equation.
idea on this newly discovered superconductor by perform-
ing high-pressure resistivity measurements. The results
are shown in Fig. 2. As can be seen, the temperature-
resistivity curve is systematically moved downward with
increasing pressures. The metallic normal state is clearly
seen for this new superconductor at high pressures. The
similar metallic normal state has also been observed in
another phenyl-based superconductor [31]. However, the
edge shared K-doped picene possesses non-metallic nor-
mal state, though zero-resistivity was also observed [39].
The increased conductivity is apparently observed by the
applied pressure. The enhanced Tc is also found upon
compression.
Interestingly, the gradual evolution of superconducting
phase with pressure is observed in this phenyl molecule.
There exist two superconducting phases. From the en-
larged view of the temperature-resistivity curve at low
temperatures [Fig. 2(b)], one can see a sudden drop
4of the resistivity and the zero-resistivity behavior at 0.5
GPa. A new superconducting phase emerges when pres-
sure is increased to 1.6 GPa. Two transitions with sud-
den resistivity drops signal the superconducting critical
temperatures at around 3.8 K (Tc1) and 7 K (Tc2) for
the first and second phases, respectively. Upon further
compression, the first superconducting phase is gradually
suppressed till disappearing up to 3 GPa and the second
superconducting phase becomes the dominant one.
The obtained superconductivity of potassium-doped
tris(2-methylphenyl)bismuthine is further confirmed by
the resistivity measurements with applied magnetic
fields. Figure 3(a) shows temperature dependence of the
resistivity at pressure of 0.5 GPa and at various magnetic
fields up to 1.3 T. The suppression of superconductivity
can be found by the application of magnetic fields. The
temperature-dependent resistivity curve systematicaly
shifts toward lower temperatures with increasing mag-
netic fields. Meanwhile, the temperature span of super-
conducting transition becomes significant broad as field
is increased. Superconductivity is completely destroyed
at the magnetic field of 1.3 Tesla in the studied temper-
ature range. The suppression of superconductivity by
the applied magnetic fields has been observed in many
phenyl-based molecules from the magnetic susceptibility
measurements [13–15, 26, 32, 35]. The similar behavior
observed here supports the existence of superconductiv-
ity in these systems. The temperature-dependent resis-
tivity curves at various magnetic fields allow the determi-
nation of an important superconducting parameter − the
upper critical field (Hc2). Hc2 is defined by using the on-
set Tc criteria, which is determined by the first dropped
point deviated from the linear resistivity curve. Figure
3(b) summarizes the temperature dependence of Hc2.
Based on the Werthamer-Helfand-Hohenberg equation
[40]: Hc2(0) = 0.693[−(dHc2/dT )]TcTc, one can obtain
the value of Hc2(0). The calculated Hc2(0) is about 1.8
Tesla at 0 K. The colorful area is extrapolated by using
the formula ofHc2(T ) = Hc2(0)[1−(T/Tc)
2]/[1+(T/Tc)
2]
based on the Ginzburg-Landau theory.
From both the magnetic susceptibility and resis-
tivity measurements, one can establish the super-
conducting phase diagram for potassium-doped tris(2-
methylphenyl)bismuthine as a function of pressure [Fig.
4(a)]. It can be seen that the initial superconducting
phase maintains at pressures up to 2.9 GPa. Tc1 first
increases with increasing pressure and then declines af-
ter passing a maximum. As pressure is increased to 1.6
GPa, the second superconducting phase appears and Tc2
keeps almost a constant at high pressures. This behav-
ior indicates that the second superconducting phase is
not sensitive to the applied pressure. Notably, the super-
conducting phase with Tc about 7 K has been generally
observed in phenyl-based molecules [13–15, 26, 32, 35]
as well as the edge shared aromatic hydrocarbons [10–
12]. Therefore, the common superconducting phase with
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FIG. 4: (a) Pressure-temperature phase diagram of
potassium-doped tris(2-methylphenyl)bismuthine. The inter-
mediate region represents the coexistence of the two supercon-
ducting states. (b) Pressure dependence of the carrier con-
centration calculated from the Hall coefficient measurements
taken at 20 K.
Tc ∼ 7 K may be the uniform character of phenyl-based
compounds.
Hall coefficient measurements were performed at tem-
perature of 20 K and at various pressures. The obtained
carrier concentration (n) as a function of pressure is
shown in Fig. 4(b). The n is calculated through the for-
mula n=1/eRH, where e is the unit of the charge. It can
be seen that n has an obvious increase in the whole pres-
sure range, from 1017 to 1020 cm−3, which is very benefi-
cial to superconductivity in this sample. The emergence
of the second superconducting phase is accompanied by
the increased carrier concentration. This phenomenon
indicates the important role of the carrier concentration
played for superconductivity. This provides a clue to the
theory developments for understanding superconductiv-
ity in these phenyl-based molecules [41, 42].
In summary, we have conducted both the mag-
netic susceptibility and resistivity measurements
on a phenyl molecule − potassium-doped tris(2-
methylphenyl)bismuthine. Superconductivity with Tc
5of 3.6 K is firmly identified from the obtained Meissner
effect and zero-resistivity state for this material at
atmosphere pressure. With the application of pressures,
Tc first exhibits a parabolic-like shape and disappears
at pressure of 2.9 GPa for the first superconducting
phase. The second superconducting phase with Tc of
7.2 K begins to appear at pressure of 1.6 GPa, and
then keeps a constant value upon further compression.
These findings offer a solid foundation for the existence
of superconductivity in phenyl-based molecules.
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